The inhibitory effect of smallanthaditerpenic acids A, B, C and D previously isolated from leaves of Smallanthus sonchifolius (yacon) on α-glucosidase were examined and their IC 50 were determined to be 0.48 mg/mL, 0.59 mg/mL, 1.00 mg/mL, and 1.17 mg/mL respectively. In addition, a rapid, reliable RP-HPLC method for the analysis of chlorogenic acid, caffeic acid, and smallanthaditerpenic acids A and C in yacon leaves was established, and the variation in their contents in leaves from plants cultivated in different places and collected at different times of the year were compared. The established analytical method for determining smallanthaditerpenic acids A and C, chlorogenic acid and caffeic acid presented good results and could be used as a method for the quality control of S. sonchifolius leaves.
Yacon, Smallanthus sonchifolius (Peoepp. & Endl.) H. Robinson (family Asteraceae), an indigenous plant of the Andes, was introduced into China via Japan in the early 1990s. It has been reported that its leaf extract has potential antidiabetic effects [1] . Chemical investigations of yacon have revealed that its leaves contain monoterpenes, sesquiterpenes and diterpenes, which have a physiological role in the pest-resistant and antimicrobial activities of the plant [2] [3] [4] .
Previously, kaurene derivatives, pentacosaol, cannabiside D, platanionoside B, octadecatrienoic acid and smallanthaditerpenic acids A, B, C and D (Figure 1 ) have been isolated from leaves of yacon cultivated in China [5] [6] [7] . In continuation of this work, we found that smallanthaditerpenic acids (SA) A, B, C and D possessed stronger inhibitory activity of α-glucosidase than that of caffeic acid, which had been regarded as the major component possessing this property [8] . An HPLC method has also been developed and validated for the quantification of SAs A and C, chlorogenic acid and caffeic acid in yacon and used to study the variation of these compounds in leaves collected from plants cultivated at different places and collected at different times of the year. First, the inhibitory effect of SA A, B, C and D on α-glucosidase was examined, which indicated that they possess strong inhibitory activity (Table 1 ). In this experiment, acarbose was used as the positive control. Its maximum inhibition ratio (70%) was found at a concentration of 1.25 mg/mL, whereas the inhibitory effects of SA A, B, C and D were stronger ( Table 1) . Because of this strong inhibitory activity of the SAs on α-glucosidase, a HPLC method for determination of their contents in yacon leaves was established. Separation conditions were optimized in order to achieve satisfactory resolution. Full details are presented in the Experimental section. Because of the low contents of SA B and D, only SA A and C were determined.
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The HPLC method was validated as follows. The calibration curves (correlation coefficient) for SA A, C, chlorogenic acid and caffeic acid were y = 2961.5x-72.475, (r 2 = 0.9996, n = 6, 0.01-0.2 mg/mL); y = 2962.3x+34.26, (r 2 = 0.9998, n = 6, 0.05-1.0 mg/mL); y = 2226.1x-10.429, (r 2 = 0.9992, n = 6, 0.04-1.2 mg/mL) and y = 4237.4x-41.242, (r 2 = 0.9998, n = 6, 0.04-2 mg/mL). The limits of quantification were determined to be 0.02 μg (SA A), 0.04 μg (SA C), 0.04 μg (chlorogenic acid) and 0.06 μg (caffeic acid). The limits of detection, defined as the lowest sample concentration, were 0.005 μg (SA A), 0.01 μg (SA C), 0.01 μg (chlorogenic acid) and 0.015 μg (caffeic acid), which were determined with a signal-to-noise ratio (S/N) of 3. The variation coefficients of SA A, C, chlorogenic acid and caffeic acid were 0.16%, 0.18%, 0.13% and 0.21% for the intra-day assays.
The accuracy of the method was examined by performing recovery experiments according to the method of standard additions. SA A, C, chlorogenic acid and caffeic acid stock solutions were added before the extraction at different concentration levels to half of the analyzed amounts in yacon leaves (500 mg). Samples were prepared in triplicate at each level. Mean recoveries of SA A, C, chlorogenic acid and caffeic acid were 97.4% (RSD% = 2.5), 99.6% (RSD% = 1.7), 97.6% (RSD% = 1.5), 96.6% (RSD% = 1.6), respectively, which presented good accuracy for the analysis.
The SA A, C, chlorogenic acid and caffeic acid contents of yacon leaf extracts from plants cultivated at different places were evaluated by HPLC ( Table 2 ). The leaves collected from Anshan (China) had the highest content of SA A, C and chlorogenic acid, but the lowest content of caffeic acid, whereas the leaves from Japan had the lowest content of SA A and C, but the highest content of caffeic acid. The leaves obtained from these various places were not collected at the same time of the year, and it seemed that there was no regularity in the content changes of the evaluated compounds in yacon leaves based on these different places of collection. Therefore, yacon leaves were collected at different times of the year from Yunnan, a main production area of yacon in China, to compare the content changes of SA A, C, chlorogenic acid and caffeic acid. The results ( Table 3) indicated that the younger leaves had the highest contents of SA A and SA C; these decreased with increases in growing time. The contents of chlorogenic acid and caffeic acid did not change during the first five months, but the chlorogenic acid level had increased greatly after six-months.
The in vivo evaluation of SAs for antidiabetic activity is in process. [9] . Reduced glutathione solution (25 mL containing 1mg/mL), 35 μL α-glucosidase solution (0.8U/mL), 10 μL smallanthaditerpenic acid standard solution and 860 μL potassium phosphate buffer (67 mmol/L, pH 6.8) were added to the tubes, which were then incubated at 37 o C for 10 mins. PNPG (70 μL of a 50 mmol/L solution) was added as substrate and incubated at 37 o C. After 20 mins, 5 mL Na 2 CO 3 solution (0.1 mol/L) was added to stop the reaction. Absorbance was measured at 400 nm by a UV-vis spectrophotometer (UV-2100, Unique Co. China) at room temp. All SAs were dissolved in DMSO, which had no inhibitory activity on α-glucosidase at a concentration of 1% (v/v) [10] .
Experimental

Preparation of standard solutions for HPLC analysis:
SA A, C, caffeic acid and chlorogenic acid were dissolved in methanol to produce stock solutions containing 73.36, 167.0, 96.25, and 101.0 μg/mL, respectively.
Preparation of samples for smallanthaditerpenic acids content analysis:
Dry, powdered yacon leaves (approx.1 g, accurately weighed) were extracted by refluxing with a mixture of KOH (0.5 g) and 70% EtOH (50 mL) for 2 h, twice. The mixture was diluted with water (100 mL) and filtered. The filtrate was extracted thoroughly with 3 × 100 mL of light petroleum. The aqueous phase was then acidified with dilute HCl (pH=4) and extracted with 3 × 100 mL of light petroleum. The light petroleum extract was dried over anhydrous magnesium sulfate. After filtration, the remaining solvent was evaporated to dryness using a rotary evaporator, the residue dissolved in methanol, and made up to 5 mL in a volumetric flask with methanol. The sample solution was filtered through 0.45 μm organic membranes prior to use. added to 0.5 g of yacon leaves and then extracted and analyzed in triplicate using the method described above. The total amount of each compound was calculated from the corresponding calibration curve, and the recovery of each compound was determined.
